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H I  GH L I  GHTS 

With t h e  conspicuous improvement of  o u r  knowledge of  t h e  E a r t h ' s  
g r a v i t a t i o n a l  f i e l d  and t h e  s t r u c t u r e  of t h e  atmosphere it h a s  become impera t ive  
t o  r e f i n e  f u r t h e r  t h e  p rev ious  t echn iques  of  o r b i t  computation. 
o r b i t  improvement program of t h e  Observatory now i n c l u d e s  not only  t h e  most 
s i g n i f i c a n t  l u n a r  p e r t u r b a t i o n s  i n  t h e  motion of s a t e l l i t e s ,  b u t  a l s o  t h e  effects 
of tesseral  and s e c t o r i a l  harmonics up t o  t h e  f i f t h  degree .  
t h e  computed r e s i d u a l s  of ou r  p r e c i s e l y  reduced  o b s e r v a t i o n s ,  which c o n s t i t u t e  
the b a s i s  of r e s e a r c h  i n  sa te l l i t e  geodesy, dropped by abou t  508. 

The new d i f f e r e n t i a l  

A s  a r e s u l t ,  

Other  work i n  r e s e a r c h  and  a n a l y s i s  is i n v e s t i g a t i n g  t h e  p l a n e t a r y  
d i s t u r b i n g  f u n c t i o n ,  t h e  geomet r i ca l  structure of t h e  e a r t h ' s  o u t e r  g r a v i t a t i o n a l  
f i e l d ,  and t h e  heat-f low d i s t r i b u t i o n  on t h e  s u r f a c e  o f  t h e  e a r t h .  

Flare s ta r  o b s e r v a t i o n s  have cont inued  i n  coope ra t ion  wi th  S i r  Bernard 
L o v e l l ' s  N u f f i e l d  Astronomy Labora to r i e s  a t  J o d r e l l  Bank, England, and a n a l y s i s  
of p rev ious  o b s e r v a t i o n s  is proceeding.  
phenomena have now been observed,  w i th  s e v e r a l  major e v e n t s  be ing  recorded  
bo th  p h o t o g r a p h i c a l l y  and i n  t h e  r a d i o  f r equenc ie s .  Estimates have been made of 
t h e  v e l o c i t y  d i f f e r e n c e  between r a d i o  and o p t i c a l  waves; any such d i f f e r e n c e  
must be  less than  1 p a r t  i n  l o 6  over  a frequency range  o f  2.5 mil l ion .  
i n  o b s e r v a t i o n a l  procedure w i l l  g ive  even more in fo rma t ion  i n  both  of t h e s e  
s t u d i e s  . 

A t  least  two s e p a r a t e  types  of f lare 

Changes 

The first o r b i t s  of t h e  new comet Tomita-Gerber-Honda w e r e  de r ived  
from Baker-Nunn o b s e r v a t i o n s .  

The SA0 S t a r  Ca ta log  is now a v a i l a b l e  i n  s e v e r a l  t a p e  fo rma t s  and 
is  b e i n g  r e a d i e d  for  p r i n t i n g .  
s tars are i n  t h e  FK-4 system. 

A l l  p o s i t i o n s  and p r o p e r  motions of 259,000 

During t h i s  p e r i o d  S A 0  was r e s p o n s i b l e  f o r  t r a c k i n g  Vanguard 11, 
Vanguard 111, Explo re r  V I I ,  Echo I ,  and Echo I r o c k e t  body, Exp lo re r  I X ,  
E x p l o r e r  XIX, Echo 11, SA-5, and S t a r  Flash.  In  a d d i t i o n ,  t h e  Observatory 
p rov ided  back-up t r a c k i n g  for NASA launches,  and p r e d i c t i o n s  and o b s e r v a t i o n s  
for S A 0  staff s c i e n t i s t s  and  o t h e r  agencies  r e q u e s t i n g  them. 

* Outs tanding  performances of t h e  Baker-Nunn system inc luded  photography 
of Echo I1 and a s s o c i a t e d  metal objects w i t h i n  t e n  minutes  after i n f l a t i o n  of t h e  
b a l l o o n ,  and a c q u i s i t i o n  of 56 flashes from 64 30A, t h e  S t a r  F l a sh  sa te l l i t e .  

The 12 Baker-Nunn camera s t a t i o n s  r e c e i v e d  49,158 p r e d i c t i o n s  of s a t e l l i t e  
passages ,  from which t h e y  made 21,648 s u c c e s s f u l  o b s e r v a t i o n s ;  t h i s  r e p r e s e n t s  
an i n c r e a s e  of 32% i n  p r e d i c t i o n s ,  and 48% i n  o b s e r v a t i o n s  o v e r  t h e  same p e r i o d  
i n  1963. The 138 Moonwatch teams and a f f i l i a t e s  r e p o r t e d  4,328 o b s e r v a t i o n s  
of 149 o r b i t i n g  o b j e c t s  . 
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STATION OPERATIONS 

(Baker-Nunn Camera S t a t i o n s )  

. 
S t a t  ion Opera t ions  c o n t i n u e s  t o  t r a c k  s a t e l l i t e s  both on assignment  

from t h e  N a t i o n a l  Aeronaut ics  6 Space Admin i s t r a t ion  and f o r  t h e  s p e c i a l  
requi rements  o f  t h e  Observatory s c i e n t i s t s .  

During t h e  p e r i o d  of  t h i s  r e p o r t ,  w e  s e n t 4 9 , 1 5 8 p r e d i c t i o n s  t o  t h e  
Baker-Nunn s t a t i o n s ,  which made 21,648 s u c c e s s f u l  o b s e r v a t i o n s  e x c l u s i v e  of  
special  s a t e l l i t e s  (see Tables  1 and 2); 
i n  p r e d i c t i o n s  and 42% i n  obse rva t ions  ove r  t h e  same p e r i o d  i n  1963. 

t h i s  r e p r e s e n t s  an ' i n c r e a s e  of 32% 

The s imul t aneous  o b s e r v a t i o n  program has  been con t inuous ly  pursued 
d u r i n g  t h e  r e p o r t  pe r iod .  
synchron ize  camera s h u t t e r s  t o  * 1 t o  2 m i l l i s e c o n d s ,  t h u s  a l lowing  use  of 
p a s s i v e  s a t e l l i t e s  as t r i a n g u l a t i o n  markers. 
orbits, such  as o b j e c t s  61281 (Midas IV), 63304 (a  ba l loon  i n  2000 mile o r b i t ) ,  
and 62681 (Relay  l), are used t o  perform synchronous photography from two, 
t h r e e ,  or four s t a t i o n s .  T o  d a t e ,  878 s u c c e s s f u l  two-s t a t ion ,  40 t h r e e -  
s t a t i o n  and 3 f o u r - s t a t i o n  photographs have been ob ta ined .  
c o n t i n u i n g  w i t h  s p e c i a l  emphasis  on t h e  I r a n  s t a t i o n  and  on a round-thedworld 
network t o  test t h e  f i n a l  r e s u l t s .  

A l l  s t a t i o n s  are u s i n g  t h e  r e q u i s i t e  equipment to' 

I n  g e n e r a l ,  sa te l l i t es  i n  h igh  

The program i s  

Observa t ion  of ANNA f l a s h e s  con t inues ,  a l though  t h e  sa te l l i t e  i s  now 
f l a s h e d  on by ground-command and t h e  t i m e  accuracy  i s  s e v e r e l y  restricted. 
two-s t a t ion  s imul taneous  p a s s e s  were observed;  a t o t a l  of 16 successful one- s t a t ion  
a t t e m p t s  were made o u t  of 69 p r e d i c t i o n s  d u r i n g  t h i s  per iod .  

S i x  

We are f u r t h e r i n g  t h e  programs t o  r enova te  t h e  Baker-Nunn camera 
o p t i c a l  sys tem,  t o  improve t h e  ope ra t ion  of t h e  Norrman time s t a n d a r d  through 
b e t t e r  t r a i n i n g  and maintenance, and t o  test  t h e  EECo t iming  system. 

P l a n s  for  t h e  e s t a b l i s h m e n t  of a Baker-Nunn camera s t a t i o n  i n  E t h i o p i a  
A p r o v i s i o n a l  s i t e ,  approximate ly  one-and-a-half miles n o r t h e a s t  of con t inue .  

B i s h o f t u  (modern name: Debre Zait) , has been s e l e c t e d .  A survey  team w i l l  
soon be s e n t  t o  de termine  t h e  e x a c t  l o c a t i o n .  
w i t h  t h e  Geophysical  Observatory i n  Addis Ab&a, E t h i o p i a ,  for t h e  e s t a b l i s h m e n t  
of t h e  s t a t i o n .  

We are now d r a f t i n g  a n  agreement 

Equip men t and i n s  t rumen t a t  i on 

Basic equipment a t  t h e  s t a t i o n s  o p e r a t e d  s u c c e s s f u l l y ,  w i t h  r o u t i n e  
mechanica l  and e l ec t r i ca l  maintenance. 

Mechanics and o p t i c s  of Baker-Nunn cameras--Our mechanical  e n g i n e e r s  
ove rhau led  i n  t h e  f i e l d  t h e  cameras i n  Spa in ,  Curacao, and Peru,  and in spec ted  
and r e p a i r e d  t h o s e  i n  South Africa and Argent ina.  
cameras i n  Curacao,  Spain and Peru  have been rea luminized .  

The o b j e c t i v e  m i r r o r s  of  t h e  

- . 3- .. 



Tab le  1 

COMPARISON OF OPERATIONAL RESULTS 

Jan .  - June 1963-1964 

Month 

Janua ry  
February  
March 
A p r i l  
&Y 
June 

Month 

Janua ry  
February  
March 
A p r i l  
fiY 
June 

Number of P r e d i c t i o n s  

1964 1963 - 
5215 8711 
5771 7804 

6074 8454 
6160 7904 

7069 8715 
- 6996 - 7570 

T o t a l .  . . . . 37285 49158 

I n c r e a s e  i n  number of p r e d i c t i o n s  . . . . . . . . . . . . . .32$ 

Number of S u c c e s s f u l  Obse rva t ions  

1964 - 1963 - 
2005 3263 
2424 3436 
2486 3073 
2348 3609 

- 3080 - 3984 
2675 4283 

T o t a l .  ., 15018 21648 

I n c r e a s e  i n  number of s u c c e s s f u l  o b s e r v a t i o n s . .  .44$ 

Monthly Stat:Lon Averages 

1964 Average/month/s ta t ion 1963 - 
P r e d i c t  i ons  
Observat ions 

.. 4 . 
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Table 2 

SUCCESSFUL OBSERVATIONS BY INDIVIDUAL TRACKING STATION 

Jan. - June 1963-1964 

Sta t ion  

New Mexico (SC-1) 
South Africa (SC-2) 
Australia (SC-3) 
Spain (SC-4) 

Peru (SC-7) 
I r a n  (SC-8) 
Curacao (SC-9) 
Flor ida (SC-10) 
Argentina (SC-11) 
H a w a i i  ( SC-12) 

Number of Successful Observations 

1963 1964 
1594 2616 
1919 2193 
1823 2588 
1076 1864 
905 761 

1708 2442 
593 1295 

1272 1612 
883 1469 
966 1482 

1337 1785 - 1052 - 1531 

Total.. . 15018 21638 



The Perkin-Elmer Corpora t ion  h a s  completed t h e  r e f u r b i s h e d  corrector 
c e l l  w i t h  t h e  newly f a b r i c a t e d  p r o t e c t i v e  window. 
and t e s t e d  a t  t h e  Curacao s t a t i o n  d u r i n g  June. 
e x c e l l e n t  and t h e  p r o t e c t i v e  window should  main ta in  t h i s  h i g h  l e v e l  by keeping 
t o  a minimum any damage from d i r t  and moisture. 

The u n i t  was i n s t a l l e d  
The o p t i c a l  performance is 

We have begun a program t o  de te rmine  t h e  focal  s u r f a c e  of each  
Baker-Nunn camera o p t i c a l  system and t o  compare it w i t h  t h e  shape of t h e  
p r e s e n t  f i l m  backup p l a t e .  Already w e  have conducted a t e s t  on each  camera 
to provide  p r e l i m i n a r y  d a t a  for  use  i n  p l a n n i n g  f u t u r e  tests. 

I n t e r v a l o m e t e r s  are b e i n g  c o n s t r u c t e d  t o  make a u t o m a t i c  camera 
o p e r a t i o n  more f l e x i b l e .  
o b s e r v a t i o n s  of c e r t a i n  launch and rocket plume o p e r a t i o n s ,  and i n  photography 
o f  comets and f l a r e  s ta rs .  

These w i l l  a i d  i n  t r a c k i n g  of f a i n t  s a t e l l i t e s ,  i n  

Through t h e  s u r p l u s  equipment s o u r c e s  of t h e  Genera l  S e r v i c e s  
Adminis t ra t ion ,  we have o b t a i n e d  a n  a i r  d e s i c c a t o r  s u i t a b l e  f o r  use w i t h  t h e  
Baker-Nunn camera, and have r e q u i s i t i o n e d  s i x  a d d i t i o n a l  a i r  d e s i c c a t o r s ,  
manufactured by Gilbarco, t o  complete such i n s t a l l a t i o n s  i n  a l l  12 t r a c k i n g  
s t a t  ions.  

Norrman t i m i n g  system--We have i n s t a l l e d  improved r a d i o  r e c e i v e r s  
fo r  r e c e p t i o n  of time s i g n a l s  a t  I r a n ,  Curacao, Argent ina ,  A u s t r a l i a ,  S p a i n ,  
I n d i a ,  and N e w  Mexico; and improved c r y s t a l  o sc i l l a to r s  i n  Hawaii , J a p a n ,  
Curacao, A u s t r a l i a ,  Peru ,  I r a n ,  and Greece. We have a l s o  provided  a new 
b a t t e r y  bank f o r  emergency o p e r a t i o n  of t h e  time s t a n d a r d  a t  t h e  Argent ina  
s t a t  ion .  

P r e c i s i o n  t iming system--Routine o p e r a t i o n  of t h e  p r o t o t y p e  p r e c i s i o n  
t i m i n g  sys tem h a s  cont inued  a t  t h e  F l o r i d a  t r a c k i n g  s t a t i o n .  Meanwhile, w e  
have awarded a c o n t r a c t  t o  t h e  E l e c t r o n i c  Engineer ing  Company of California 
f o r  t h e  manufacture of 12 t i m i n g  systems,  7 of them s i n g l e  channel  and 5 of 
them d:ial channel.  Design and c o n s t r u c t i o n  of t h e s e  u n i t s  began on May 1 4 ,  
w i t h  d e l i v e r y  scheduled f o r  between 23 and 43 w e e k s  t h e r e a f t e r .  

- Film--Preliminary e v a l u a t i o n  of Estar b a s e  and new extended-red 
s e n s i t i v i t y  Royal-XPan Recording f i l m  is underway, 
p r e s e n t  topographic  f i l m  base  wi th  E s t a r  if t h e  l a t t e r  meets mechanical  
l i m i t a t i o n s .  The new emulsion should  i n c r e a s e  camera s y s t e m  s e n s i t i v i t y  
(denoted  as t r a c k i n g  power) by almost 1 magnitude ( a b o u t  a factor  of 2) .  

Kodak hopes t o  r e p l a c e  t h e  

S t a t i o n  vehicles--Normal o p e r a t i o n  and maintenance of v e h i c l e s  h a s  
T h e  s t a t i o n  i n  Peru  h a s  a new W i l l y s  Wagoneer, and t h a t  i n  New cont inued.  

Mexico a n  I n t e r n a t i o n a l  l ' r ave l - a l l .  



Observer t r a i n i n g  program 

During t h i s  p e r i o d ,  10 observer  c a n d i d a t e s  took t h e  t r a i n i n g  course ;  
9 of them s u c c e s s f u l l y  completed it. 

t 

I 

Mr. Mahra, A s s i s t a n t  Astronomer t o  t h e  s t a t i o n  i n  I n d i a ,  a t t e n d e d  
a s p e c i a l  t r a i n i n g  c o u r s e  des igned  t o  familiarize him w i t h  new equipment 
and procedures .  

Two three-week t r a i n i n g  classes were p lanned  and conducted by 
S m i t h s m i a n  pe r sonne l  t o  acqua in t  e i g h t  i nexpe r i enced  WAF p e r s o n n e l  w i th  t h e  
p r a c t i c a l  a s p e c t s  of ma in ta in ing  and o p e r a t i n g  a Baker-Nunn s t a t i o n .  

Moonwat ch 

The Moonwatch program cont inues  w i t h  20 p r e c i s i o n ,  28 s t a n d a r d ,  
and 90 l i m i t e d  teams and independent  a f f i l i a t e s .  
4328 o b s e r v a t i o n s  of  149 o r b i t i n g  o b j e c t s  (see Table  3). Five  of t h e  teams 
demonstrated an o b s e r v i n g  accuracy  comparable t o  t h a t  of t h e  Baker-Nunn 
f i e ld - r educed  o b s e r v a t i o n s .  

Together ,  t hey  r e p o r t e d  

S p e c i a l  ass ignments  t o  Moonwatch i n c l u d e d  t h e  f i n a l  t r a c k i n g  of 
Explorer 9 ,  and t r a c k i n g  of t h e  G e m i n i  GT-1, t h e  S a t u r n  SA-6, and t h e  four  
Cosmos satel l i tes .  

Fu tu re  p l a n s  

We p l a n  t o  t r a n s f e r  t h e  A u s t r a l i a n  s t a t i o n  t o  t h e  new space  r e s e a r c h  
s i te  a t  I s l a n d  Lagoon, Woomera; move t h e  I r a n i a n  s t a t i o n  t o  E t h i o p i a ;  con t inue  
c o n s t r u c t i o n  of t h e  12 p r e c i s i o n  t iming  sys tems;  a luminize  mirrors i n  2 or 3 
of t h e  cameras; and con t inue  r o u t i n e  maintenance of s t a t i o n  mechanical  and 
e l e c t r o n i c  equipment.  
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Table 7 

MOOWATCH OBSEHVATIONS 

Jan. - June l96h 

No. of Observations 
S a t e l l i t e  Received 

1958 Alpha 

1959 Alpha 1 
2 

EXa 
Io t a  1 

1960 Beta 2 
Gamma 2 
Epsilon 3 
Zeta 1 
EXa 1 

2 
Io t a  1 

2 
3 
5 

Beta 1 

Nu 1 
2 

x i  1 
2 

P i  1 
1961 Alpha 1 

2 
Delta 1 

2 
3 

Nu 
Omicron 1 

2 
4-203 

Sigma 1 
A-Delta 1 
A-Eta 1 

2 
3 

1962 Zeta 1 
2 

Kappa 1 
3 
4 

Omicron 1 
A-Alpha 1 
A-Epsilon 1 

2 
A-Up s i lon 

135 
1 

117 
2 

44 
1 
1 
1 

35 
13 

5 
3 

323 
139 

27 
21 

4 
15  
2 
2 
3 

22 
2 

230 
3 
1 

21 
53 
43 
7 

55 
34 

3 
1 
1 
6 
1 

49 
8 
3 
2 
9 
9 

109 
43 

Sat e l l i t  e 

A-Psi 1 
B*Alpha 1 

2 
B-Thet a 
B-Kappa 
B-Mu 1 

2 
B-Tau 1 

5 
6 

B-Upsilon 2 
B-Chi 
B-Psi 1 

1963 3 
9 

1 3 A  
B 

1 4 A  
1 7 A  

G 
22A 
24A 
25B 
2 6 ~  
27A 
3OA 

B 
D 
E 

3 3  
38A 

B 
C 

42B 

D 

B 
C 
D 
E 
F 
G 

B 

4 3  

47A 

49A 

No. of Observations 
Received 

37 
6 
7 

115 
69 
81 
18 

2 
1 

42 
1 

11 
13 
24 
2 
3 

23 
55 

5 
20 

3 
1 
2 
4 

23 
64 

4 
71 

4 
1 

14 
6 
9 
3 

86 
1 

163 
38 
4 

24 
6 
7 

69 
40 
24 

c 



I 

S a t e l l i t e  

1963 c 
E 

50A 
B 

52B 
5 3A 

B 
E 
F 
G 

54A 
B 

55B 
1964 lA 

B 
C 
D 
E 

24 
3A 

B 
4A 

B 
C 
D 
E 

5A 
B 

6A 
B 
C 

I 

Table 3 (cont'd) .- 

MOONWATC H OBSERVATIONS 

Jan. - June 1964 

No. of Observations 
Received 

21. 
1 

29 
6 

256 
6 
1 

24 
1 

10 
2 
4 

22 
6 
2 

14 
11 
6 

11 
14 

438 
119 
17 
22 
54 

148 
1 

100 
3 
3 

2 

Sat e l l i t  e 

D 

I O A  
B 
D 

1lA 
1 3 A  

B 
1 5 A  

B 
17B 
19B 
21A 

B 
23A 

B 
25A 
2 6 ~  
2 8 ~  

B 
29A 

B 
3OA 
31C 
3 3  

B 

7A 

No. of Observations 
R e  c e ive d 

6 
L 

11 
19 
1 

12 
6 
5 
9 
7 
3 
5 
3 
4 
3 
3 
2 
1 

11 
20 
1 
1 
2 
5 
5 
4 

1964 
F i r s t  Quarter 2208 
Second " 2120 
TOTAL 60,291 
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COMMUNICATIONS 

Th i s  d i v i s i o n  now hand les  more than  3,000,000 words p e r  month; most 
of t h i s  t ra f f ic  consists of s a t e l l i t e  information. I t  also c o n t i n u e s  close 
l i a i s o n  wi th  t h e  t r a c k i n g  sys tems of NASA and NORAD, a l l  t y p e s  of sa te l l i t e  
d a t a  b e i n g  mutually exchanged. 

New s e r v i c e s  and equipment 

I n  A p r i l ,  t h e  NASA Communications network conve r t ed  t o  t h e  f u l l y  
a u t o m a t i c  s w i t c h i n g  complex, t h e  Univac 490, Real -Time Communications PPOCeSSOr.  

T h i s  sys tem w i l l  e v e n t u a l l y  a f f o r d  much g r e a t e r  speed  i n  communications between 
Cambridge and t h e  Baker-Nunn camera s t a t i o n s  i n  Argen t ina ,  A u s t r a l i a ,  Peru  
and South Afr ica .  

F o r  more e f f i c i e n t  o p e r a t i o n s ,  new model-28 t e l e t y p e w r i t e r  machines 
w e r e  i n s t a l l e d  i n  February  t o  r e p l a c e  model-19 equipment. 

Backup r a d i o - t e l e t y p e  equipment h a s  been i n s t a l l e d  a t  t h e  s t a t i o n  i n  
Argen t ina ,  from which r e g u l a r  s c h e d u l e s  are conducted w i t h  L i m a ,  Peru ,  and s p e c i a l  
s c h e d u l e s  w i t h  Argent i n e  Space Commission i n  Buenos Aims . 
Pub 1 i c a t  i ons  

The Div is ion  c o n t i n u e s  t o  i s s u e  t h e  monthly s a t e l l i t e  s i t u a t i o n  r e p o r t ,  
which shows t h e  s t a t u s  o f  a l l  o b j e c t s  launched and g i v e s  a sumnary of r e c e n t  
space a c t i v i t y .  

P l a n s  

We may exchange a n o t h e r  model-19 t e l e t y p e  machine fo r  t h e  more reliable 
model-28, and i n c r e a s e  a l l  in-house c i r c u i t  speeds  t o  100 words p e r  minute. 
The l a t t e r  s t e p  w i l l  make a l l  o f f - l i n e  machines compa t ib l e  wi th  one a n o t h e r ,  and 
w i t h  t h e  m i l i t a r y ,  NASA, and Space t r ack  c i r c u i t s .  

10 
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DATA D I V I S I O N  

T h i s  Div is ion  computes p r e d i c t i o n s  of sa te l l i t e  p o s i t i o n s  fo r  t h e  
v a r i o u s  s a t e l l i t e  t r a c k i n s  s t a t i o n s ;  d e r i v e s  o r b i t s  from o b s e r v a t i o n s  made 
by Baker-Nunn, Moonwatch, o r  other t r a c k i n g  systems ; p r e p a r e s  smoothed and 
m a n  o r b i t s  (from both  f ie ld- reduced  and photorediiced d a t a )  f o r  p u b l i c a t i o n  
i n  S A 0  S p e c i a l  Repor ts  ; r e c o r d s  informat ion  t h a t  may a f fec t  r e s e a r c h  on 
s a t e l l i t e  o r b i t a l  d a t a ;  p u b l i s h e s  p r e d i c t i o n s ,  o r b i t a l  e l e m e n t s ,  and e q u a t o r  
c r o s s i n g s ;  and h a n d l e s  t h e  r o u t i n e  t e c h n i c a l  correspondence of t h e  S a t e l l i t e  
Tracking  Program. The D i v i s i o n  is a l s o  r e s p o n s i b l e  for  p r e p a r i n g  and p u b l i s h i n E  

d t h e  S A 0  S t a r  Catalo,;. 

One hundred and ninety-one nominal and r e v i s e d  e a r l y - t r a c k i n g  
p r e d i c t i o n s  fo r  t h e  Baker-Nunn cameras were d e r i v e d  f o r  t h e  s i x  NASA launches  
made d u r i n g  t h i s  p e r i o d .  

We processed  Baker-Nunn , Moonwatch and o t h e r  o b s e r v a t i o n s  and d e r i v e d  
o r b i t s  each  week by means of t h e  D i f f e r e n t i a l  O r b i t  Improvement Program, 
Employing SCROGE, Ephemeris I1 and Ephemeris I V  programs, w e  t h e n  used t h e s e  
o r b i t s  t o  produce p r e d i c t i o n s  fo r  t h e  Baker-Nunn s t a t i o n s  and selected Moonwatch 
s i t e s  ( s e e  Tables 1 and 2 ) .  

We completed t h e  a n a l y s i s  of  SA0 c o n t r i b u t i o n s  t o  Centaur AC-2 and 
Echo I1 p r o j e c t s ,  i s s u e d  S p e c i a l  Report  156 on AC-2 ,  and communicated t h e  Echo 
material t o  t h e  p r o j e c t  office.  
and p r e p a r a t i o n s  are under  way f o r  AC-4. 

Support  of Centaur  p r o j e c t  cont inued  for AC-3, 

The network r e g u l a r l y  t r a c k e d  a s  many as  27  s a t e l l i t e s ,  and t r a c k e d  
o t h e r  o b j e c t s  f o r  launch backup and for s p e c i a l  purposes .  

We d e r i v e d  and p u b l i s h e d  i n  S p e c i a l  Report  156 t h e  mean and smoothed 
o r b i t a l  e l e m e n t s  f o r  Centaur  AC-2 and a p r e l i m i n a r y  a n a l y s i s  of t h e  f i l m  of 
Syncom-SI f o u r t h - s t a g e  f i r i n g ;  and p u b l i s h e d  o b s e r v a t i o n s  of t h e  s a t e l l i t e s  
i n  t h e  r e p o r t s  l i s t e d  i n  Table 4, 

We a l so  p r e p a r e d  s p e c i a l  p r e d i c t i o n s  f o r  o b j e c t s  of p a r t i c u l a r  i n t e r e s t  
t o  SA0 s c i e n t i s t s  and t o  o t h e r  r e q u e s t i n g  a g e n c i e s ;  t h e s e  i n c l u d e d  Imp I ,  
SA-6,  Telstar I1 mirror r e f l e c t i o n s ,  and o b j e c t s  expec ted  t o  r e - e n t e r  t h e  e a r t h ' s  
a tmosphere.  I n  f u r t h e r  accordance wi th  t h e  terms of t h e  s a t e l l i t e  t r a c k i n g  
g r a n t ,  w e  a l s o  p r e p a r e d  p r e d i c t i o n s  and o r b i t a l  e lements  of such  objects as 
SA-5, Echo I ,  and Echo 11, and t h e  o t h e r  b a l l o o n  s a t e l l i t e s  fo r  t r a c k i n g  a g e n c i e s  
r e q u e s t i n g  them. 
Among t h e  r e c i p i e n t s  were Mitre Corpora t ion ,  NIT Lincoln Labora tory ,  t h e  A i r  Force 
Cambridge Research Labora tory ,  Coast and Geodet ic  Survey,  Raytheon, B e l l  
Telephone Labora tory ,  and S t a t e  U n i v e r s i t y  of Iowa. 

' The p r e d i c t i o n s  u s u a l l y  took t h e  form of look-angles .  

'The new program f o r  decoding,  checking,  and punching o b s e r v a t i o n s  
fo r  computer use was i n t r o d u c e d  d u r i n g  t h i s  p e r i o d .  I t  h a s  e n a b l e d  u s  t o  
h a n d l e  t h e  1 4 %  i n c r e a s e  i n  o b s e r v a t i o n s  wi th  g r e a t e r  e f f i c i e n c y  and w i t h  no 
i n c r e a s e  i n  p e r s o n n e l  costs. 
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Table 4 

PURLISIED SATELLITE OBSERVATIONS 

Satell i te 

1958 Alpha (Explorer I) 
1959 Alpha 1 (Vanguard 11) 
1959 Eta (Vansuord 111) 
1959 Io t a  1 (Explorer VII) 
1960 Beta 1 (Tiros I Rocket) 
1960 Beta 2 (Tiros I) 
1960 Io t a  1 (Echo I) 
1960 Io t a  2 (Echo I Rocket) 
1960 X i  1 (Explorer V I I I )  
1961 Delta 1 (Explorer I X )  
1961 Omicron 1 (Transit 4A) 
1961 Omicron 2 (Injun Solar Radiation 3) 
1961 Alpna Delta 1 (Midas 4) 
1962 Alpha Epsilon 1 (Telstar I) 
1962 Beta Mu 1 (Anna 1B) 
1962 Beta Tau 2 (Injun 3) 
1962 Reta Upsilon 1 (Relay I) 
1963 9A (Explorer XVrI) 
1963 1% (Telstar 2) 
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Special Report Number 

1-5 3 
148 , 153 
148, 153 
153 
147 
147 
154 
148, 154 
154 
148 , 154 
147 , 15  5 
147, 155 
148 
148 , 1 5  5 
155 
155 
15 5 
155 
15 5 



The s t a r  c a t a l o g  

With t h e  S t a r  Cata lognow a v a i l a b l e  i n  t a p e  form and soon t o  be 
i s s u e d  i n  p r i n t e d  form, t h i s  seems an a p p r o p r i a t e  time t o  review both  t h e  
product ion  and t h e  con ten t  of t h e  work. 

When t h e  Observatory began t o  make p r e c i s i o n  r e d u c t i o n s  of t h e  
Baker-Nunn f i l m s ,  it became obvious t h a t  a computer -access ib le  c a t a l o g  
of a c c u r a t e  s t a r  p o s i t i o n s  would s u b s t a n t i a l l y  l e s s e n  t h e  time r e q u i r e d  f o r  
t h e  p r e p a r a t i o n  of  each s a t e l l i t e  p o s i t i o n .  
t o  g a t h e r  t o g e t h e r  t h e  b e s t  c a t a l o g s  a v a i l a b l e , r e d u c e  them a l l  t o  t h e  same 
equinox (1950) ,  r e f e r  them t o  t h e  same p o s i t i o n a l  system (FK-31, and o b t a i n  
p r o p e r  motions f o r  each s t a r .  The r e s u l t  of t h i s  compi la t ion  is t h e  S A 0  S t a r  
Cata log ,  which c o n t a i n s  p o s i t i o n s ,  p roper  motions,  magnitudes,  etc.  f o r  more 
than  a q u a r t e r  o f  a m i l l i o n  s t a r s .  As a f i n a l  s t e p ,  t h e  c a t a l o g  was r e f e r r e d  
t o  t h e  morerecent  system of FK-4. 

S A 0  t h e r e f o r e  i n i t i a t e d  a p r o j e c t  

3 

A l l  c a t a l o g s  were p r o c e s s e d  on an e l e c t r o n i c  computer and t h e  reduced 
(See  t h e  s e c t i o n  on d a t a  s t o r e d  on magnetic t a p e s  i n  s e v e r a l  b i n a r y  formats .  

Computations f o r  a d e s c r i p t i o n  of t h e s e  formats.) 

I n  t h e  pe r iod  of t h i s  r e p o r t ,  the  v a r i o u s  formats  of t h e  t a p e s  were 
completed and c o n s o l i d a t e d ,  and a s e t  of s p e c i a l  t a p e s  produced f o r  t h e  
p r e p a r a t i o n  of microf i lm t o  be used f o r  t h e  p r i n t e d  v e r s i o n  o f  t h e  c a t a l o g  and 
fo r  a microfilm format  of the catalog itself. 
i n  Washington is now p rocess ing  t h i s  s e t  of  t a p e s  f o r  t h e  d i s p l a y  of t h e  
in fo rma t ion  on a cathode / r ay  t u b e  t h a t  w i l l  be photographed as a s t e p  i n  making t h e  
p l a t e s  f o r  p r i n t i n g .  

The Government P r i n t i n g  Of f i ce  

The i n t r o d u c t i o n  t o  t h e  S t a r  Cata log ,  pub l i shed  as S p e c i a l  Report No. 151,  
i n c l u d e s  in fo rma t ion  and s ta t is t ics  of  g e n e r a l  i n t e r e s t .  

Tests and samples of work from s e v e r a l  d a t a  p l o t t e r s  have cont inued  
i n  a s e a r c h  f o r  t h e  b e s t  means of p repa r ing  t h e  s t a r  c h a r t s  from t apes .  

N e w  work begun o r  i n  p rogres s  inc ludes  a b ib l iog raphy  and e v a l u a t i o n  of 
t h e  v a r i o u s  s tar  c a t a l o g s ,  a c a t a l o g  of r a d i o  sou rces  ( w i t h  computation of 
g a l a c t i c  c o o r d i n a t e s )  and a l i s t  of a r t i f i c i a l  s a t e l l i t e s  w i th  c h a r a c t e r i s t i c s  
.and o r b i t a l  e lements .  Programming f o r  a l l  of t h e s e  p r o j e c t s  was provided  

B by t h e  Computations Div is ion .  
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PH OTORC DUC T I  ON D I  V I  S I ON 

I n  t h i s  p e r i o d ,  t h e  D i v i s i o n  determined 16,362 p r e c i s e  sa te l l i t e  
p o s i t i o n s ,  reduced t o  A 1  t i m e .  
22.4% over  the  p r e v i o u s  r e p o r t  p e r i o d .  
determined 29,725 p r e c i s e  s a t e l l i t e  p o s i t i o n s ,  reduced t o  A1 time, an i n c r e a s e  
of 6,569 (28.4%) o v e r  t h e  p r e v i o u s  y e a r .  
reduced t o  A 1  time, completed through June 30, 1964 is 85,055. 

Regular  reduction of o b s e r v a t i o n s  i n c r e a s e d  
During t h e  f i s c a l  y e a r  1964 ,  w e  

The t o t a l  number of p r e c i s e  p o s i t i o n s ,  

Inc luded  i n  t h e  t o t a l  f o r  t h i s  r e p o r t  p e r i o d  were 808 p r e c i s e l y  
reduced p o s i t i o n s  of s a t e l l i t e  Midas I V  ( O b j e c t  61281) photographed on Baker-Nunn 
f i l m  i n  October  and November 1963. These p o s i t i o n s  were determined i n  accordance 
wi th  t h e  s imul taneous  o b s e r v i n g  p r o j e c t  i n  which most of t h e  Smithsonian s t a t i o n s  
have p a r t i c i p a t e  d . 

ANNA IB--The A s t r o m e t r i c  S e c t i o n ,  a s s i g n e d  t o  produce p r e c i s e  r e d u c t i o n s  
of t h e  g e o d e t i c  s a t e l l i t e  ANNA lB, completed 489 p r e c i s e  p o s i t i o n s  de te rmined  
by measurement of f l a s h e s  of t h e  s a t e l l i t e  photographed on Baker-Nunn f i l m .  
The t o t a l  number o f  such  p o s i t i o n s  completed s i n c e  t h e  b e g i n n i n g  of t h e  p r o j e c t  
is 1,224. (Because of t h e  complexi ty  of t h e  p r o c e d u r e s  used ,  t h e  t i m e  r e q u i r e d  
fo r  p r e p a r i n g  and r e d u c i n g  each  f l a s h  is t h r e e  or f o u r  t h a t  expended on t h e  
images of o t h e r  s a t e l l i t e s . )  

ECHO I f i lms- - In  accordance w i t h  a r e q u e s t  from t h e  Echo Project Office 
(Goddard Space F l i g h t  C e n t e r ) ,  we have r e c i e v e d  through t h a t  off ice  29 Russian 
films of Echo 11, i n c l u d i n g  s e v e r a l  d i f f e r e n t  t y p e s  t a k e n  by a v a r i e t y  of cameras,  
Twenty-six of t h e  f i l m s  were taken  on January  25  and 26 ,  1963; t h r e e  o t h e r s  on 
January 28, 1963. 
provide  more d a t a  t h a t  may e x p l a i n  t h e  s a t e l l i t e ’ s  anomalous b e h a v i o r  i n  t h e  
p e r i o d  j u s t  a f t e r  t h e  b a l l o o n  i n f l a t i o n .  

We have p r e p a r e d  67  e v a l u a t e d  p o s i t i o n s  i n  an a t t e m p t  t o  

Rout i n  e oDe rat ion  s 

The f i l m  c o n t r o l  s e c t i o n  r e c e i v e d  and c a t a l o g u e d  approximate ly  22,000 
Of  t h e s e ,  o v e r  14,000 were e v a l u a t e d  f o r  f i l m s  from the ’BakerNunn  s t a t i o n s .  

p r e c i s e  reduct ion .  
films. 

Our Cambridge s t o r a g e  f a c i l i t y  now c o n t a i n s  o v e r  133,000 

4 
We have c o n t i n u e d  close p a r t i c i p a t i o n  i n  t h e  Cambridge phase Of 

Saker-Nunn s t a t i o n  o b s e r v e r  t r a i n i n g : .  
t r a i n e e s  s p e n t  a t o t a l  of 85 w o r k  days w i t h  members of t h e  D i v i s i o n  s t a f f ,  who 
i n s t r u c t e d  them i n  t h e  necessary  t e c h n i q u e s  of p r e c i s i o n  measurin!: and r e d u c t i o n .  

During t h e  p e r i o d  of t h i s  r e p o r t  t e n  
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COMPUTATIONS DIVISION 

I 

8 

i .  

The Computations Div i s ion  is r e s p o n s i b l e  for  t h e  development of 
computer programs for a l l  phases  of t h e  s a t e l l i t e  program, f o r  t h e  o p e r a t i o n  
of e x i s t i n g  computer programs, and f o r  development work i n  a p p l i e d  mathematics 
r e q u i r e d  t o  e x e c u t e  t h e s e  o b j e c t i v e s .  
Harvard U n i v e r s i t y  IBM-709 4. 

The computer programs are run on t h e  

Projects completed 

D a t a p l o t t e r  package--A g e n e r a l  r o u t i n e  was w r i t t e n  fo r  t h e  IBM-7094 
t o  e n a b l e  programmers t o  put  o u t  r e s u l t s  from t h a t  computer i n  a mode t h a t  
p e r m i t s  a wide f l e x i b i l i t y  i n  t h e  use  of t h e  EA1 D a t a p l o t t e r .  Two v i v i d  
examples o f  t h e  use  of t h i s  program a r e  t h e  map of t h e  e q u i p o t e n t i a l s  of 
g r a v i t a t i o n  o b t a i n e d  from t h e  Tesseral Harmonics program, and t h e  c o n t o u r s  
of e q u a l  t empera tu re  o b t a i n e d  from t h e  Heat Flow program. The l a t t e r  are 
p l o t t e d  w i t h  t h e  c o n t i n e n t  con tour s  d e s c r i b e d  i n  P r o g r e s s  Report  No. 9. 

S t a r  Catalog--The S t a r  Ca ta log  t a p e  set  w a s  completed d u r i n g  t h e  p a s t  
s i x  months. A l l  i n fo rma t ion  is now i n  t h e  FK-4 system. The set  of  t a p e s  
i n c l u d e s  t h e  fo l lowing :  

1. Two t a p e s ,  w i th  n i n e  w o r d s / s t a r .  These are 
i n f o r m a t i o n  i n  t h e  epoch of t h e  o r i g i n a l  s t a r  c a t a l o g s ,  
p r e c e s s i o n .  

2. Two t a p e s ,  one f o r  each  hemisphere,  w i t h  11 
t h e  n i n e  w o r d s / s t a r  f o r  t h e  b a s i c  tape p l u s  c o o r d i n a t e s  

t h e  b a s i c  t a p e s  wi th  
b u t  c o r r e c t e d  f o r  

w o r d s / s t a r ,  i .e . ,  
i n  t h e  1950 epoch. 

3. ‘One t a p e  wi th  two words / s t a r  of epoch 1963.5 for those s t a r s  used 
i n  t h e  r e d u c t i o n  of d a t a  on s a t e l l i t e  p o s i t i o n s .  

4. One t a p e  wi th  t h r e e  w o r d s / s t a r  f o r  s ta r  c h a r t s .  Cards w i l l  b e  
punched from t h i s  t a p e  t o  produce t h e  s t a r  c h a r t s  on t h e  D a t a p l o t t e r .  

5. Four BCD t a p e s  for  i n p u t  t o  t h e  SC-4020 mic ro f i lm  p r o c e s s o r .  
These t a p e s  were produced from t h e  i n p u t  of 11 w o r d / s t a r  t a p e s  f o r  t h e  SC-4020. 
The microfilm o u t p u t  w i l l  be e n l a r g e d  and photographed by t h e  Government 
P r i n t i n g  Office t o  produce t h e  p r i n t e d  v e r s i o n  of t h e  Ca ta log .  

Although t h e  t a p e  s e t  is now complete,  m o d i f i c a t i o n s  such  as change of 
epoch may be d e s i r e d  i n  t h e  f u t u r e .  
t a p e s  w i l l  be added, and e v e n t u a l l y  f u r t h e r  e d i t i o n s  of t h e  c a t a l o g u e  w i l l  
be  p r i n t e d .  
g e n e r a t e d  f o r  t h e  p r e s e n t  c a t a l o g ,  are t h e  fo l lowing :  

Coordina tes  of s t a r s  n o t  now inc luded  on t h e  

These changes,  which w i l l  b e  implemented e a s i l y  wi th  t h e  programs 

1. A program f o r  each  o r i g i n a l  i n p u t  c a t a l o g  t o  produce from i n p u t  
c a r d s  t h e  9 w o r d / s t a r  b i n a r y  t a p e  i n  t h e  FK-4 sys tem,  which c o r r e c t i o n  f o r  
p r e c e s s i o n .  

2. A program t o  produce an 11 w o r d s / s t a r  b i n a r y  t a p e  w i t h  t h e  
p r e s e n t  n i n e  w o r d s / s t a r ,  p l u s  t h e  star p o s i t i o n  i n  t h e  1950 epoch. 

3. A program to produce a two words/star t a p e  w i t h  an arbitrary epoch 
for t h e  set  of stars used i n  t h e  reduction of satell i te p o s i t i o n  d a t a .  
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f o r  epoch 1950, s o r t e d  i n t o  156 sky segments,  of s ta r  p o s i t i o n  and  magnitude, 
and i n d i c e s  t o  i n d i c a t e  whether t h e  s ta r  is b i n a r y ,  or v a r i c l b l e ,  or  whether  

I proper  motion has been a p p l i e d .  

5. A program t o  produce c a r d s  fo r  t h e  D a t a p l o t t e r  from t h e  b i n a r y  
s t a r - c h a r t  t a p e .  

1 printed Out-  

6. A program t o  produce t h e  i n p u t  t a p e s  f o r  t h e  SC-4020 from t h e  
11 w o r d s / s t a r  tape. 

I 

Automatic p r o c e s s i n g  of observat ions--This  program, d e s c r i b e d  i n  
t h e  p r e v i o u s  semiannual r e p o r t ,  has been i n  o p e r a t i o n  fo r  s i x  months. 
s i g n i f i c a n t l y  i n c r e a s e d  t h e  e f f i c i e n c y  of convers ion  of Baker-Nunn t e l e t y p e  d a t a  
t o  i n p u t  a c c e p t a b l e  t o  t h e  D O I .  A program was completed and is now i n  o p e r a t i o n  
t o  conver t  Mini t rack  t e l e t y p e  d a t a  i n  a s imi la r  manner. 

I t  h a s  

4 

P r o j e c t s  cont  inued 

S i n c e  t h e  beginning  of t h e s a t e l l i t e  Tracking Program i n  1957, a 
l a r g e  number of computer programs have been developed t o  i n c r e a s e  t h e  e f f i c i e n c y  
i n  t h e  r o u t i n e  o p e r a t i o n  of t h e  Baker-Nunn s t a t i o n s ,  and t o  a n a l y z e  t h e  p r e c i s e  
d a t a  from o b s e r v a t i o n s  a t  t h o s e  s t a t i o n s .  
undergoing change i n  v a r y i n g  d e g r e e s  t o  improve e f f i c i e n c y  of s t a t i o n  o p e r a t i o n  
and economy of computer c a l c u l a t i o n s ,  

These prozrams are c o n t i n u a l l y  
l 

$<The p r e p a r a t i o n  proRrarn--For i n c r e a s e d  e f f i c i e n c y  , w e  r e c e n t l y  c o n v e r t e d  
i t  t o  r u n  wi th  BESYS 4 system. 

fsThe Reduction Program--Small m o d i f i c a t i o n s  made i n  tile p a s t  s i x  
months have improved t h e  f l e x i b i l i t y  of d a t a  r e a d  i n  and i n c r e a s e d  t h e  informat ion  

CtDif fe ren t ia l  o r b i t  improvement program--The tesseral harmonics were 
added to t h e  o r b i t  c a l c u l a t i o n s  i n  t h e  program. 
a d d i t i o n s ,  w e  rewrote  t h e  D O 1  program i n  r e l o c a t a b l e  computer language. 

To f ac i l i t a t e  t h i s  and f u t u r e  

“Matched-track p r e d i c t i o n  program (SCR0GE)--We made r o u t i n e  m o d i f i c a t i o n s  
t o  improve t h e  p r i n t e d  o u t p u t .  

T e s s e r a l  harmonics-- We completed t h e  changes t h a t  p e r m i t  t h i s  program 
t o  r u n  under  BCSYS 4, and t o  a c c e p t  as i n p u t  t h e  t a p e  o u t p u t  from D O I .  

Simultaneous observations--We f i n i s h e d  t h e  s u b r o u t i n e s  t h a t  de te rmine  - 
t h e  c o r r e c t i o n  i n  t h e  chord between t w o  s t a t i o n s  from s imul taneous  o b s e r v a t i o n s  of 
s a t e l l i t e s  by a number of s t a t i o n s  of which t h e  two are a s u b s e t ;  and t h a t  
determine t h e  ad jus tments  of a t h r e e  s t a t i o n  network u s i n g  s i m u l t a n e o u s  
o b s e r v a t i o n s  by a number of s t a t i o n s  of which t h e  t h r e e  are a s u b s e t .  

$;This program is i n  maintenance s t  a t u s .  
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These subroutlnes use t h e  Reduction of Observat ion Data and Least-Square 
s e c t i o n  of t h e  Simultaneous Observa t ion  program d e s c r i b e d  i n  a number of 
p rev ious  r e p o ~ t s .  
o b s e r v a t i o n  d a t a  wi th  c o r r e c t i o n s  f o r  p a r a l l a c t i c  refraction and p l a n e t a r y  
a b e r r a t i o n ,  and wi th  a Lagrangian i n t e r p o l a t i o n  t o  de te rmine  t h e  mean time 
of simu I t a n e i t y  . 

We also completed an  independent rou t ine  t o  reduce  

P l a n e t a r y  d i s t u r b i n g  function--There is  a con t inu ing  p r o j e c t  t o  
improve computer methods f o r  c a l c u l a t i n g  t h e  f u n c t i o n s  and coefficients 
appea r ing  i n  t h e  p l a n e t a r y  d i s t u r b i n g  func t ion .  
is  developing  a g e n e r a l  program t o  compute as many as p o s s i b l e  of t h e s e  
s p e c i a l  f u n c t i o n s .  
t h e  FORTRAN Monitor System of SAO; t o  it  were added t h e  fo l lowing :  

A s  p a r t  of t h i s  e f f o r t ,  SA0 

4 A Newcomb Opera to r  program w r i t t e n  a t  MIT was adapted  i n t o  

1. 
Newcomb o p e r a t o r s  ; 

A program t h a t  computes t h e  o u t e r  o p e r a t o r s  t o  y i e l d  t h e  combined 

2. A Laplace c o e f f i c i e n t  program f r o m  which t h e  Jacob1 coeff ic ients  
were de r ived .  
of  t h e  f o u r - f o l d  F o u r i e r  expansion of t h e  d i s t u r b i n g  f u n c t i o n .  
d e t a i l s  are g iven  i n  S p e c i a l  Report  140. 

From t h i s  e n l a r g e d  program one can o b t a i n  t h e  c o e f f i c i e n t s  
The mathematical  

Geophysical  ca lcu la t ions- -A r o u t i n e  was w r i t t e n  t o  de termine  t h e  
c o r r e l a t i o n  of t h e  c o e f f i c i e n t s  of t h e  s p h e r i c a l  harmonics d e s c r i b i n g  t h e  h e a t  
flow f r o m  t h e  surface of t h e  e a r t h  wi th  t h e  coefficients of t h e  s p h e r i c a l  harmonics 
d e s c r i b i n g  t h e  g r a v i t a t i o n a l  p o t e n t i a l  of t h e  e a r t h .  
t o  c a l c u l a t e  t h e  parameter  o f  geophys ica l  models t h a t  are compatible  wi th  t h e  
o b s e r v a t i o n a l  data on t h e  heat-flow and g r a v i t a t i o n a l  p o t e n t i a l .  

Rout ines  are b e i n g  w r i t t e n  

System programming--We have modif ied t h e  FORTRAN Monitor System and 
BESYS 4 t o  use  t h e  au tomat i c  double  p r e c i s i o n  i n s t r u c t i o n s  i n  t h e  IBM-7094 
hardware i n  FORTRAN compi l a t ions ,  r a t h e r  t han  t h e  time consuming s u b r o u t i n e s  
p r e v i o u s l y  used. This  work, begun i n  t h e  p rev ious  r e p o r t  p e r i o d ,  was cont inued  
t o  remsve some inadequac ies  i n  t h e  system. A f i l i n g  system f o r  t h e  program 
l i b r a r y  is be ing  o rgan ized  t o  pe rmi t  easy  access and c r o s s - r e f e r e n c i n g  of 
in fo rma t ion  i n  a b s t r a c t s .  

N e w  p r o j e c t s  

Ephemeris 7--We have developed a r o u t i n e  fo r  t h e  Moonwatch program t o  
compute f rom s t a n d a r d  o r b i t a l  e lements  t h e  time and d i r e c t i o n  informat ion  of 
s u c c e s s i v e  p e r i g e e  c r o s s i n g s  of a s a t e l l i t e ,  and t h e  time o f  e n t r y  i n t o  
and e x i t  from shadow of sa te l l i t es  and  subsatel l i te  p o i n t s .  D e r i v a t i v e s  
of t h e s e  q u a n t i t i e s  are p r i n t e d  t o  provide  Moonwatch o b s e r v e r s  with s u f f i c i e n t  
d a t a  t o  make p o s i t i o n  c a l c u l a t i o n s ,  When f i e l d  t e s t i n g  is completed,  Ephemeris 
7 w i l l  r e p l a c e  Ephemeris 6 ,  which is based on time and l o n g i t u d e  of e q u a t o r i a l  
c r o s s i n g s  . 



Pub li cat ions 

During t h e  r e p o r t i n g  p e r i o d  t h e  Computations D i v i s i o n  i s s u e d  3 
program write-ups.  

Kulvinskas,  V . ,  AZALT--Satellite O r b i t  Parameters ,  January ,  1964. 

Hauck, R. ,  1 4 0 1  F o r t r a n  P r e p r o c e s s o r  (Memorandum), January  8, 1964. 

Ginger ich ,  O., REREAD--Input Koutine,  March 18, 1964. 
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RESEARCH AND ANALYSIS 

Cont inuing  h i s  work i n  t h e  f i e l d  of s a t e l l i t e  geodesy, I m r e  G. I z sak  
i n v e s t i g a t e d  methods Ly which t h e  results he p r e v i o u s l y  o b t a i n e d  f o r  t h e  
g r a v i t a t i o n a l  f i e l d  of t h e  E a r t h  and t h e  p o s i t i o n s  of t h e  Baker-Nunn camera 
s t a t i o n s  cou ld  be improved. F i r s t ,  it seems a d v i s a b l e  t o  solve for  more 
unknowns s imul t aneous ly  i n  a s i n g l e  computer r u n ,  t h e  t y p i c a l  case b e i n g  
twe lve  s t a t i o n s  and harmonics up t o  t h e  f o u r t h  deg ree  ( 5 2  unknowns). 
t h e  t e c h n i q u e  of  i t e r a t i n g  p r e v i o u s  s o l u t i o n s  seems t o  y i e l d  promis ing  results. 
The t h i r d ,  and pe rhaps  most impor t an t ,  is t o  recompute o r b i t s  w i th  a l r e a d y  
improved s t a t i o n  c o o r d i n a t e s  and t h e  i n c l u s i o n  of  some low-degree tesseral 
harmonics.  These g e n e r a l i z a t i o n s  of t h e  r e l e v a n t  computer programs 
w i l l  soon be used for a r e f i n e d  a n a l y s i s  of t h e  d a t a .  

Second, 

The p l a n e t a r y  d i s t u r b i n g  f u n c t i o n  p r o j e c t  is near completion. 
l i m i n a r y  r u n s  of t h e  program, w r i t t e n  by Benno Benima and S a r a  B. Mills, 
show ve ry  s a t i s f a c t o r y  agreement wi th  t h e  classical development of Leverrier 
f o r  t h e  p l a n e t s  J u p i t e r  and S a t u r n ,  

P re -  

To a l low ( a )  more unknowns i n  t h e  tesseral  harmonics program, and ( b )  
a more e f f i c i e n t  D O 1  program, E. M. Gaposchkin changed t h e  Kaula s u b r o u t i n e s  
t o  s p e e d  and s h o r t e n  them. He worked wi th  Page Nelson t o  make t h e  s o - c a l l e d  
i t e r a t i o n  v e r s i o n  of t h e  tesseral harmonics work and t o  treat we igh t ing  
c o r r e c t l y  i n  t h e  c a l c u l a t i o n  of improvement factors.  M r .  Gaposchkin also 
i n c o r p o r a t e d  t h e  t essera l  harmonics s u b r o u t i n e s  i n t o  t h e  DO1 program. This 
new v e r s i o n ,  now i n  p roduc t ion  s t a t u s ,  is r e f e r r e d  t o  as DO13.4. The r e s u l t s  
of o r b i t  improvement u s i n g  t h e s e  p e r t u r b a t i o n s  a r e  encouraging .  
working on t h e  c o n s t r u c t i o n  of a new DO1 ( D O 1 4 . 1 )  ba sed  on t h e  Izsak second- 
o r d e r  o r b i t  t heo ry ;  i t  w i l l  p rocess  a l l  t h e  o b s e r v a t i o n a l  material t h a t  S A 0  
now u s e s  and t h e  range  rate d a t a  t h a t  S A 0  hopes t o  a c q u i r e  i n  t h e  n e a r  f u t u r e .  

He is now 

W. Kohnlein con t inued  h i s  s t u d i e s  o f  t h e  g e o m e t r i c a l  s t r u c t u r e  o f  
t h e  e a r t h ' s  o u t e r  g r a v i t a t i o n a l  field and is now e v a l u a t i n g  t h e  numer ica l  
r e s u l t s .  O f  p a r t i c u l a r  i n t e r e s t  are t h e  shapes  of t h e  s u r f a c e s  of c o n s t a n t  
p o t e n t i a l  and of c o n s t a n t  g r a v i t y ,  t h e i r  gauss i an  and mean c u r v a t u r e ,  t h e  f i g u r e  
of t h e  l a t i t u d e  and l o n g i t u d e  c u r v e s ,  t h e  d e f l e c t i o n  o f  t h e  v e r t i c a l s ,  t h e  
c u r v a t u r e  and t o r s i o n  of t h e  p lumbl ines ,  etc. 
be  f i n a l l y  p l o t t e d  as l e v e l  cu rves  f o r  d i f f e r e n t  s e c t i o n s  o f  t h e  o u t e r  space.  

These numer i ca l  r e s u l t s  w i l l  

I n  a n o t h e r  p r o j e c t  W. Kbhnlein dev i sed  s e v e r a l  computer programs f o r  
t h e  ad jus tmen t  computation of space  t r i a n g u l a t i o n s .  They are needed f o r  
t h e  connec t ion  of t h e  American and European t r i a n g u l a t i o n  sys tems and f o r  t h e  
d e t e r m i n a t i o n  of t h e  c o o r d i n a t e s  of  t h e  s a t e l l i t e  t r a c k i n g  s t a t i o n s .  ny u s i n g  
t h e  c o r r e l a t i o n  of a l r e a d y  a d j u s t e d  coord ina te  v a l u e s ,  h e  h a s  combined 
a pu re  g e o m e t r i c a l  method and a dynamics1 method (as developed by I ,  I z s a k )  for  
a j o i n t  ad jus tmen t  computation of  t h e  s t a t i o n  c o o r d i n a t e s .  
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Morton Davies h a s  a s s i s t e d  D r .  J a c c h i a  i n  t h e  de t e rmina t ion  of 
good o r b i t s  f o r s a t e l l i t e  1 9 6 1  Delta 1. 
p r e c i s i o n  e x i s t  f o r  t h i s  o b j e c t ,  it is  d e s i r a b l e  t o  o b t a i n  maximum e f f i c i e n c y  
i n  t h e  computed o r b i t s .  
g r a v i t a t i o n a l  f i e l d  is  now be ing  inc luded  d i r e c t l y  i n  t h e  orb i t  d e t e r m i n a t i o n s ,  
a r e f inemen t  t h a t  was i n v e s t i g a t e d  by Mr. Davies under t h e  d i r e c t i o n  of 
Mr. I z s a k ,  and t h a t  was programmed i n t o  t h e  D . O . I .  by  Mr, Gaposchkin. M r ,  Davies 
h a s  a l s o  made a more g e n e r a l  s t u d y  of t h e  methods of a n a l y s i s  of dynamical Systems. 

S ince  many o b s e r v a t i o n s  of  h igh  

The e f fec t  of  t h e  tesseral  harmonics i n  t h e  e a r t h ’ s  

T h e o r e t i c a l  s t u d i e s  on t h e  c o r r e l a t i o n  between t h e  s a t e l l i t e - g e o i d  
g iven  by Izsak and t h e  hea t - f low d i s t r i b u t i o n  on t h e  surface of t h e  e a r t h  
have j u s t i f i e d  t h e  h y p o t h e s i s  t h a t  t h e  i r r e g u l a r  d i f f e r e n c e s  o f  t h e  sa te l l i t e -  
geo id  from t h a t  of a b e s t - f i t t i n g  e l l i p s o i d  of r e v o l u t i o n  is  caused by 
inhomogeneous the rma l  expans ion  i n  t h e  i n t e r i o r  of t h e  e a r t h ,  r e s u l t i n g  from 
some uneven h e a t i n g  p r o c e s s e s  by c e r t a i n  d i s t r i b u t i o n s  of  hea t - sou rces .  
Yuen Wang has  sugges t ed  t h a t  t h i s  inhomogeneous d i s t r i b u t i o n  of hea t -source  
h a s  e x i s t e d  since t h e  fo rma t ion  of t h e  c r u s t  and t h e  upper  mantle and i s  
c o n c e n t r a t e d  near t h e  t o p  of  t h e  mantle. 
v a r i a t i o n s  of temperature f o r  s o u r c e s  d i s t r i b u t e d  acco rd ing  t o  s e v e r a l  p roposed  
models. The b e s t  model h a s  an inhomogeneous l a y e r  about 100 t o  200 kilometers 
t h i c k ;  v a r i a t i o n s  of. t empera tu re  have ampl i tudes  of about l ooo  degrees  
c e n t i g r a d e .  Computations of t h e  cor responding  c o n c e n t r a t i o n  of hea t - sou rces  
s u g g e s t  t h a t  t h e  upper mantle may have a composi t ion  similar t o  t h a t  of b a s a l t  
or e c l o g i t e .  
geophys ica l  phenomena, such  as t h e  p h y s i c a l  s ta te  of t h e  mantle and t h e  mean 
r a t e  of heat-flow. 

Chi- 

He h a s  computed cor responding  

T h i s  conc lus ion  i s  c o n s i s t e n t  w i t h  c o n s i d e r a t i o n s  of some of t h e  o t h e r  
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Because of t h e  unique c a p a b i l i t i e s  of t h e  s t a t i o n  network and of  i n d i v i d u a l  
s t a t i o n s ,  t h e  Observatory r e c e i v e s  occas iona l  r e q u e s t s  f o r  s p e c i a l  obse rv ing  
a s s i s t a n c e .  These r e q u e s t s  involve  no s i g n i f i c a n t  a d d i t i o n a l  c o s t s ;  give t h e  
f i e l d  staff  p r a c t i c e  i n  s p e c i a l  t echniques ;  and p rov ide  s c i e n t i f i c  d a t a  t h a t  would 
n o t  o the rwise  be a v a i l a b l e .  Therefore ,  we f i n d  it advantageous t o  coope ra t e  
in these  special s t u d i e s ,  some of which are d e s c r i b e d  below. 

F l a r e  s ta r  obse rva t ions  

During f o u r  months, s t a t i o n  o p e r a t i o n s  a t t empted  260 hours  o f  photo- 

For ty - f ive  hours  of f i l m s  were ob ta ined ,  i n c l u d i n g  several 
graphy on 4 stars, i n  coope ra t ion  wi th  r a d i o  t e l e s c o p e s  a t  J o d r e l l  Bank, CSIRO 
(Sydney) and Arecibo. 
small e v e n t s ,  n o t  y e t  analyzed. Analys is  of f i l m  from p r e v i o u s  r e p o r t  p e r i o d s  
con t inues ,  and s e v e r a l  major f la res  dur ing  October 1963 were analyzed. 
t o  d a t e  show a t  least  two t y p e s  o f  f l a r e  a c t i v i t y ,  and g i v e  an upper l i m i t  o f  
1 p a r t  i n  a m i l l i o n  t o  any d i f f e r e n c e  i n  v e l o c i t y  between r a d i o  and o p t i c a l  
r a d i a t i o n .  

0 

Results 

Work on t h i s  p r o j e c t  cont inues .  

Comets - 
Comets Tomita-Gerber-Honda and Encke w e r e  observed d u r i n g  t h i s  p e r i o d  

fo r  t a i l - s t r u c t u r e  and t o t a l  b r i g h t n e s s  s t u d i e s .  
was 45 of T-GH and 10 of  Eiicke. A pre l iminary  o r b i t  of T-G-H was computed by 
Data Div i s ion ,  and a program is being w r i t t e n  t o  do t h i s  f o r  f u t u r e  comets. 
Another p p a g ~ m ,  ta aupply BdcerlJunn camera s e t t i n g s  for  s i d e r e a l  tracking is 
a l s o  b e i n g  w r i t t e n .  

The number of f i l m s  r e c e i v e d  

The P,botoreduction Div i s ion  determined 80 p r e c i s e  p o s i t i o n s  of Comet 
Peyreyra ,  photographed on Baker-Nunn f i lm  i n  t h e  p e r i o d  September 17 (through 30, 
1963. P o s i t i o n s  of t h e  head and p o s i t i o n  ang le s  of t h e  t a i l  of  t h e  comet w e r e  
p r e c i s e l y  measured ( b u t  n o t  reduced t o  A 1  time); t h e  purpose was t o  de te rmine  
t h e  magnitude and p e r i o d  of t h e  Comet t a i l  o sc i l l a tYon .  
i n  c o n j u n c t i o n  wi th  t h e  p r o j e c t  under t h e  d i r e c t i o n  of  Mr. Dan ie l  Malaise. 
The Div i s ion  a l s o  i n t e n d s  t o  p a r t i c i p a t e  i n  a program i n v o l v i n g  comet photometry,  
as o u t l i n e d  i n  t h e  P re l imina ry  Prospec tus  f o r  Photographic  Photometry o f  Comets 
w i t h  t h e  Baker-Nunn Cameras (SAO, Apr i l ,  1964) by R. B. Southworth. Densitometry 
equipment has  been o rde red  and w i l l  a r r i v e  s h o r t l y .  

This work was c a r r i e d  o u t  

The Computations Div i s ion  began work on s e v e r a l  r o u t i n e s  t o  compute 
in fo rma t ion  on comet o r b i t s .  
of semimajor a x e s  of  comet o r b i t s ,  t o  compute t h e  o r b i t a l  e lements  of t h e  comet 
f r o m  t h r e e  o b s e r v a t i o n s ,  and t o  prepare  p r e d i c t i o n s  f o r  t h e  Baker-Nunn s t a t i o n s  
for  o b s e r v a t i o n s  of t h e  comet. 

Among them were r o u t i n e s  t o  compute t h e  d i s t r i b u t i o n  

Microme te o r i  tes  p r o  j ec t 

D r s .  Colombo and Lautman of SA0 and D r .  Shap i ro  of t h e  MIT Lincoln 
Labora tory  have cont inued  t h e i r  s tudy  of t h e  c o n c e n t r a t i o n  o f  cosmic d u s t  n e a r  
t h e  e a r t h .  
and t h e  mod i f i ca t ion  o f  t h e  Lincoln Laboratory is GENERAL PERTURBATION PROGRAM 
have l e d  t o  g r e a t l y  inc reased  accuracy and r e l i a b i l i t y  of t h e  r e s u l t s .  
r e s e a r c h  has shown t h a t  l ong- l i f e t ime  o r b i t s  of p a r t i c l e s  e j e c t e d  from t h e  moon 
do not c o n t r i b u t e d  s i g n i f i c a n t l y  to t h e  dus t  cloud. 

The completion of t h e  computer program DUSTY BALLS by M r .  Cherniack 

The 
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Underway i s  an i n v e s t i g a t i o n  of t h e  o p t i c a l  c h a r a c t e r i s t i c s  of d u s t  
p a r t i c l e s  so  t h a t  t h e  e f f e c t i v e  area-mass ra t ios  of v e r y  small p a r t i c l e s  may be 
e s t a b l i s h e d .  

Other  p r o j e c t s  

Photoreduct ion  a l so  completed U.S. A i r  Force C o n t r a c t ,  AF 19(623)-3360* 
A t o t a l  of 183  p r e c i s e  p o s i t i o n s ,  reduced t o  A1 time ( a  s i n g l e  frame from 
each s u c c e s s f u l l y  e v a l u a t e d  f i l m ) ,  of Objec t  62394 c o v e r i n g  
t o  October  1 4 ,  1 9 6 3  were de termined ,  as w e l l  as 102 p r e c i s e  p o s i t i o n ,  reduced 
t o  A1 t ime of Object 62491, c o v e r i n g  t h e  p e r i o d  October  1 5  t o  31, 1963. 

I n  accordafp w i t h  a r e q u e s t  from t h e  Echo P r o j e c t  Office, NASA 

t h e  p e r i o d  August 25 

r 

GoddiWd Space F l i g h t  Center, w e  determined 294 p r e c i s e  p o s i t i o n s ,  reduced  t o  A 1  
t i m e ,  of Echo I1 ( O b j e c t s  64041, 64042, 64043, 64044). 

The a i rborne-observ ing  s t u d y  begun d u r i n g  t h e  l a s t  r e p o r t  r e s u l t e d  
i n  t h e  p u b l i c a t i o n  of SA0 S p e c i a l  Report  No. 146. 
s t u d y  w i l l  cover  a v a i l a b l e  f o r e c a s t i n g  c a p a b i l i t y  and p r a c t i c a b l e  a i r c ra f t  
i n s t r u m e n t a t i o n .  
c o s t s  and t h e  u s e f u l n e s s  of t h e  program. 

C o n t i n u a i i o n  of t h i s  

From t h i s  a n a l y s i s  w e  e x p e c t  t o  de termine  both t h e  o p e r a t i o n a l  

I 

26 - 



I ED I T O R  I A L AN D PUB L I CAT I ON S 

The S a t e l l i t a  ‘l’rackinr: Procram i s s u e d  t h e  f o l l o w i n g  S p e c i a l  Repor ts  
d u r i n g  t h i s  six-month per iod:  

I -  

No. 140 -- C o n s t r u c t i o n  of Newcomb O p e r a t o r s  on a D i g i t a l  Computer by 
I. Izsak, J. M. Gerard,  R. Efimba, and M. P. Barnet t .  

No, 1 4 1  -- S a t e l l i t e  O r b i t a l  Data N o .  E-3 by I. G. I zsak .  

N o .  142 -- S a t e l l i t e  O r b i t a l  Data by I. G. Izsak. ? 

No. 1 4 3  -- Inhomogeneous D i s t r i b u t i o n  of t h e  R a d i o a c t i v e  Ileat Sources  
I .  Theory by C. Y. Wanp,. 

No. 144 -- Geodet ics  on a n  E q u i p o t e n t i a l  S u r f a c e  of Revolut ion by 
W. Kohnlein. 

No. 145 -- On t h e  Luminous E f f i c i e n c y  of Meteors by F. Vern ian i ,  

No. 146 -- On t h e  V i s u a l  Tracking of Two B r i e h t  S a t e l l i t e s  from 
C-130-Type Aircraft by R. C. Vanderburgh. 

No. 147  -- C a t a l o g  of P r e c i s e l y  Reduced Observa t ions  No. P-11 compiled by 
P. S t e r n .  

No. 148  -- C a t a l o g  of P r e c i s e l y  Reduced Observa t ions  No. P-12 compiled by 
P. S t e r n .  

No. 149 -- Long-Period Ef fec ts  i n  Nearly Commensurable Cases of t h e  
R e s t r i c t e d  Three-Body Problem by J ,  Schubar t ,  

N o .  150 -- The Temperature Above t h e  Thermopause by L, G. J a c c h i a .  

No. 1 5 1  -- A C a t a l o g  of P o s i t i o n s  and Proper  Motions of 258 997 S t a r s  for 
t h e  Epoch and Equinox of 1950.0 by SA0 s taff .  

No. 152 -- Temperature V a r i a t i o n s  i n  t h e  Upper Atmosphere During 
Geomagnetically Quiet  I n t e r v a l s  by L. G. J a c c h i a  and J. Slowey. 

No. 153  -- C a t a l o g  of S a t e l l i t e  Observa t ions  No. C-37 prepared  by B. Miller, 

N o .  154 -- C a t a l o g  of S a t e l l i t e  Observa t ions  N o .  C - 3 8  p r e p a r e d  by B. Miller. 

No. 155 -- C a t a l o g  of S a t e l l i t e  Observa t ions  No, C-39 p r e p a r e d  by B. Miller. 

No. 156 -- Baker-Nunn Pho topaphy  of t h e  Syncom I1 Fourth-Stage I g n i t i o n  
by R. C i t r o n  and L. If .  Solomon. 

Tracking of Centaur  (AC-2) by L. H.  Solomon. 
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